The interactions between Ce 3+ and antisite defects (AD) in YAG (Y 3 Al 5 O 12 ) are studied by means of first-principles calculations: Periodic-boundary-conditions density-functional-theory for a 160 atom YAG unit cell with one Ce 3+ and one or two ADs, and complete-active-space secondorder perturbation theory for the 4f 1 , 5d 1 , and 6s 1 electronic manifolds of the (CeO 8 Al 2 O 4 ) 15− embedded cluster. Attractive interactions are found between Ce 3+ and the ADs. The formation of one AD is more favorable in Ce:YAG than in YAG, but the formation of a second AD is less favorable, which means that the presence of Ce tends to lower the concentration of antisite defects in YAG. The interaction between Ce 3+ and antisite defects blueshifts the two lowest Ce 3+ 4f → 5d transitions. This result rules out the involvement of antisite defects in the recently reported excitation of the lowest 5d → 4f emission with photons below the zero-phonon line and leaves other distorted Cerium centers for consideration, like Ce 3+ interacting with interstitial nonstoichiometric Yttrium or with vacancies. The reasons behind the blueshifts are analyzed in detail:
I. INTRODUCTION
Yttrium aluminum garnet Y 3 Al 5 O 12 (YAG) doped with Ce 3+ (Ce:YAG) is a well known phosphor used in white solid-state-lighting (SSL) devices due to its ability to convert to yellow part of the blue light emitted by a GaN light-emitting-diode (LED) [1] [2] [3] . The blue absorption and yellow emission are due to 4f → 5d and 5d → 4f transitions of Ce 3+ and they are known to depend on the local structure of the Ce Y substitutional defect. For instance, changing the local structure of the active defects via co-doping has been used as a practical means to blue-and red-shift the 5d → 4f emission [4] [5] [6] [7] in an attempt to control the color of the phosphor, an issue which is considered one of the keys for the success of SSL technologies. 8 Also, the lowest 5d → 4f emission has recently been excited with photons 1650 cm −1 below the zero-phonon line 9 and this phenomenon has been explained with the involvement of phonon-assisted nonradiative energy transfer between different groups of distorted Ce 3+ centers, like the ones resulting from the interactions with antisites, interstitial non-stoichiometric Yttrium, or vacancies. And the interplay between Ce 3+ ions and different defects is known to play important roles in the different optical behaviors of Ce:YAG in its different forms, like single-crystal, single-crystalline film, nanopowder, and transparent optical ceramics. [9] [10] [11] [12] Hence, it is important to know the interactions between Ce 3+ and other defects present in YAG, which could be formed intentionally (like co-dopants) or as a result of the preparation methods (like antisite defects, interstitials, or vacancies).
First-principles calculations have been able to model reasonably well the 4f 1 and 5d [16] [17] [18] based second-order many-body perturbation theory [19] [20] [21] [22] CASSCF/CASPT2) predicted its ground structure (later seen to agree reasonably well with EXAFS measurements 23 ) and excited state structures, and computed its absorption and emission spectra, which helped solving remaining assignment issues 24 . In the cases of Ga
3+
and La 3+ co-doped Ce:YAG, combined periodic-boundary-conditions density-functionaltheory 25, 26 (DFT) calculations and embedded-cluster CASSCF/CASPT2 calculations reproduced the opposite shifts experienced with both co-dopings 14, 15 (blueshift with Ga 3+ and redshift with La 3+ ) and answered the long standing question of why they are opposite if both co-dopings induce lattice expansions 27, 28 : The Ga Al defect does not have a preference to sit near Ce and its effects are dominated by the reduction of the ligand field splitting of the 5d
shell due to the structural expansion, resulting in a blueshift of the lowest 4f −5d transition.
On the contrary, La Y tends to be located in sites close to Ce, which results in a reduction of the difference between 4f and 5d energy centroids and in a stronger Pauli repulsion between
Ce and La (with respect to the smaller Y) that produces a relevant increase of the effective ligand field; both effects together compensate the consequences of the lattice expansion and lead to the final redshift.
In this paper, we use the above first-principles methods in order to study the interplay between the Ce Y defect and Y Al -Al Y antisite defects (AD) in YAG, which are dominant among the intrinsic defects 29, 30 . In single crystal form, 
III. RESULTS AND DISCUSSION

A. Structure and energetics
We have studied YAG unit cells containing one Ce Y defect together with one and two antisite defects per unit cell. In order to investigate and chose among all possible combinations, we resorted to the structural information obtained in previous first-principles studies on pure YAG with one and two ADs per unit cell. with six short Al Y -O distances and two much longer ones; three of the closer Oxygen atoms move significantly inwards (d3, d4, b2) and one moves outwards (d5); the two more distant
Oxygen atoms (d1, b1) suffer slight displacements (shortening and elongation respectively).
The local structure of the most stable Ce,2AD:YAG defect (2k) is shown in Fig. 4 
C. Electronic transitions
The energies of the Ce-4f 1 , Ce-5d 1 , and The reasons behind the blueshift of the lowest 4f → 5d transitions can be analyzed following the procedure described in Ref. 15 . In short, following the diagram in Fig. 9 , the energy of, e.g., the lowest 4f → 5d transition can be decomposed in terms of a centroid contribution and a ligand-field contribution,
with The calculations show attractive interactions between Ce Y and the antisite defects. The presence of ADs, which are intrinsic in YAG, causes a strongly anisotropic expansion of the atomistic structure around the Ce Y impurities as well as a strong distortion of much of the YAG unit cell. Whereas the formation of a first AD is more favorable in Ce:YAG than in YAG, the formation of the second AD is less favorable; in consequence, the presence of Ce tends to lower the concentration of antisite defects in YAG, which seems to be in agreement with experiments in Ce-doped YAG nanocrystals.
The interaction between Ce 3+ and antisite defects blueshifts the two lowest Ce 3+ 4f → 5d
transitions. This result rules out the involvement of antisite defects in the excitation of the lowest 5d → 4f emission with photons 1650 cm −1 below the zero-phonon line observed by
Feofilov et al., 9 which was one of the possibilities considered to explain this phenomenon, and leaves the other distorted Ce 3+ centers suggested by the authors for consideration (Ce Table. I; see Fig.3 ). Table. I; see Fig.4 ). 
